The Overconsolidation Ratio of the Poznan Clays from the Area of SW Poland  by Stróżyk, Joanna
 Procedia Earth and Planetary Science  15 ( 2015 )  293 – 298 
Available online at www.sciencedirect.com
1878-5220 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
doi: 10.1016/j.proeps.2015.08.071 
ScienceDirect
:RUOG0XOWLGLVFLSOLQDU\(DUWK6FLHQFHV6\PSRVLXP:0(66
7KH2YHUFRQVROLGDWLRQ5DWLRRIWKH3R]QDQ&OD\VIURPWKHDUHDRI
6:3RODQG
-RDQQD6WUyĪ\ND
a Wrocáaw University of Technology, WybrzeĪe WyspiaĔskiego 27, 50-370 Wrocáaw, Poland 
$EVWUDFW
7KHPDLQWRSLFRIWKHVWXG\ZDVWRFKDUDFWHUL]HWKHRYHUFRQVROLGDWLRQVWDWHRIVWUHVVLQWKH3R]QDQ&OD\DQGHVWLPDWHWKHDYHUDJH
RYHUFRQVROLGDWLRQUDWLRDQGSUHFRQVROLGDWLRQSUHVVXUHYDOXHVIRUGLIIHUHQWGHSWKRIGHSRVLWV7KH3R]QDQ&OD\RFFXUVRQODUJH
DUHD LQ WKH UHJLRQRI6:3RODQG7KHVKDOORZRFFXUUHQFHRIDQDO\VHGVRLOVPDNHV WKHPYHU\RIWHQ WKH VXEVRLORIHQJLQHHULQJ
VWUXFWXUHV
7KH RYHUFRQVROLGDWHG FKDUDFWHULVWLF ZDV GRQH RQ WKH EDVLV RI WKH KHDY\ RHGRPHWULF ODERUDWRU\ WHVWV FRQGXFWHG RQ WKH LQWDFW
VDPSOHVWDNHQIURPGLIIHUHQWGHSWK7KH\LHOGVWUHVVUDWLRYSRDQG\LHOGVWUHVVV'yYDOXHVZHUHHVWLPDWHGXVLQJWKH&DVDJUDQGH
PHWKRG7KRVHYDOXHVDUHXVXDOO\UHJDUGHGDVHTXDOWKHOCRDQGV'yLIWKHSUHFRQVROLGDWLRQLVGXHWRPHFKDQLFDOORDGLQJ
7KHVWXG\VKRZHGWKDWWKH\LHOGVWUHVVUDWLRYSRLVFKDQJLQJZLWKGHSWK7KHFRPSDULVRQRIWKHREWDLQHGYSRYDOXHVZLWKWKH
HVWLPDWHGYDOXHVRIOCRDFFRUGLQJJHRORJLFDOKLVWRU\VKRZHGWKDWWKH\GRQRWFRUUHVSRQGWRHDFKRWKHU7KHFRPSDULVRQZLWK
RWKHUYDOXHVHVWLPDWHGIRUVRLOIURPRWKHU(XURSHDQFRXQWULHVPLJKWVXJJHVWWKDWWKHRYHUFRQVROLGDWLRQRI3R]QDQ&OD\VFRXOG
DOVREHUHODWHGWRWKHDJHRIWKHGHSRVLWLRQ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI:0(66
Keywords:RYHUFRQVROLGDWHGVRLOSUHFRQVROLGDWLRQSUHVVXUH3R]QDQ&OD\
,QWURGXFWLRQ
&OD\H\VRLOFDQEHJHQHUDOO\GLYLGHGLQWRQRUPDORURYHUFRQVROLGDWHGEHFDXVHRIWKHVRLOPDVVLIEHKDYLRXULQWKH
SUHVHQFH RI H[WHUQDO ORDGV 7KH PHDVXUH RI WKH RYHUFRQVROLGDWLRQ LV RYHUFRQVROLGDWLRQ UDWLROCR GHILQHG E\


&RUUHVSRQGLQJDXWKRU7HO
E-mail address:MRDQQDVWUR]\N#SZUHGXSO
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
294   Joanna Stróżyk /  Procedia Earth and Planetary Science  15 ( 2015 )  293 – 298 
&DVDJUDQGHVHH/DPEHDQG:KLWPDQDV
2&5 ı¶Sı¶YR         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
ZKHUH
ı’p ± SUHFRQVROLGDWLRQ SUHVVXUH ± WKH JUHDW HIIHFWLYH RYHUEXUGHQ FRQVROLGDWLRQ LQ VLWX VWUHVV LQ WKH SDVW ı’vo 
HIIHFWLYHYHUWLFDORYHUEXUGHQVWUHVVin situ
7KHı’pDQGOCRYDOXHVLIGHILQHGDVDERYHDUHUDWKHUKDUGWRHVWLPDWH3URSHUHYDOXDWLRQRIWKHSDVWHIIHFWLYH
FRQVROLGDWLRQVWUHVVı’pLQWKHFDVHRIQDWXUDOVRLOVXEMHFWHGWRDFRPSOH[DQGGLIILFXOWWRUHFRQVWUXFWJHRORJLFDOSDVW
RIWHQVHHPVWREHDSUREOHPDWLFWDVN
$VVXPLQJWKDWFOD\H\VRLOVDUHFKDUDFWHUL]HGE\VRPHNLQGRIORDGLQJPHPRU\WKHSUHFRQVROLGDWLRQSUHVVXUH
YDOXHı’pLVQRUPDOO\GHWHUPLQHGEDVHGRQFRPSUHVVLELOLW\VRLOWHVW,WLVXVXDOO\LGHQWLILHGZLWKWKH\LHOGVWUHVVı’y
DQGIRXQGDVDFKDUDFWHULVWLFSRLQWRQWKHRHGRPHWHUZKHUHWKHVRLOVWUHVVVWUDLQFXUYHLVFROODSVLQJVHH/DPEHDQG
:KLWPDQ)LJ
,QWKLVDSSURDFKWKHSUHFRQVROLGDWLRQVWUHVVı’pLVSULPDULO\WKHFULWLFDO\LHOGVWUHVVı’yWKHSDUDPHWHUZKLFK
VHSDUDWHV WKH VWUHVV GRPDLQ ZKHUH HODVWLF GHIRUPDWLRQV GRPLQDWH DQG WKH GRPDLQ ZKHUH WKH ODUJH SODVWLF
GHIRUPDWLRQVRFFXUVDQGQRWQHFHVVDULO\ UHIOHFW WKHSDVW VWDWHRIVWUHVV &RWHFFKLDDQG&KDQGOHU7KH\LHOG
VWUHVV FDQ EH UHJDUGHG DV RQH RI WKHPRVW LPSRUWDQW SDUDPHWHUV LQ WKH&ULWLFDO 6RLO 6WDWH 7KHRU\ GHFLGLQJ DERXW
GHIRUPDWLRQFKDUDFWHULVWLFRIWKHILQHJUDLQHGVRLO

)LJ2HGRPHWULFFXUYHDQG\LHOGVWUHVVı¶\

,W LV WKHUHIRUH DSSURSULDWH DIWHU &RWHFFKLD DQG &KDQGOHU  DQG %XUODQG  WR GLVWLQJXLVK WKH RYHU
FRQVROLGDWLRQUDWLROCRZKLFKLVGHWHUPLQHGRQWKHEDVLVRINQRZOHGJHRIWKHJHRORJLFDOKLVWRU\DQG\LHOGVWUHVV
UDWLRYSRGHWHUPLQHGIURPVRLOWHVWVDQGGHILQHGDV%XUODQG

<65 ı¶\ı¶YR          

ZKHUH
ı’y HIIHFWLYHYHUWLFDO\LHOGVWUHVVVWUHVVIRXQGDVDFKDUDFWHULVWLFSRLQWRQWKHRHGRPHWHUVRLOVWUHVVVWUDLQFXUYH
ı’voHIIHFWLYHYHUWLFDORYHUEXUGHQVWUHVVin situ.
7KHYDOXH RI \LHOG VWUHVV UDWLRYSRZLOO GHFLGH RQ WKH VRLO LV WUHDWHG DV LQ RYHUFRQVROLGDWHG VWDWH YSR! RU LQ
QRUPDOFRQVROLGDWHGVWDWHYSR 7KHHVWLPDWHGYDOXHRIYSRUDWLRLQFDVHRIFOD\H\VRLOLQSDUWLFXODUROGHUWKDQ
4XDWHUQDU\ DJH LV XVXDOO\ JUHDWHU WKDQ  VXFK VRLO DUH LQ DQ RYHUFRQVROLGDWLRQ VWDWH RI VWUHVV 7KLV LV RI JUHDW
LPSRUWDQFHIRUDVVHVVLQJWKHVWUHQJWKDQGVWUDLQEHKDYLRXURIVRLO$QH[DPSOHRIVXFKVRLOROGHUWKDQ4XDWHUQDU\LV
3R]QDQ&OD\ZKLFKRFFXUVRQWKHODUJHDUHDRI3RODQG)LJDQGLWVRYHUFRQVROLGDWLRQFKDUDFWHULVWLFLVSUHVHQWHG
LQWKHSDSHU
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0DWHULDODQGPHWKRGV
2.1. Poznan Clay 
7KH3R]QDQ&OD\ LV IDLUO\ FRPPRQ LQ WKH DUHD RI 3RODQG ,W LV RIWHQ WKH VXEVRLO IRU WKH GHVLJQHG HQJLQHHULQJ
REMHFWV 7KLV FOD\ ZDV VXEMHFWHG D FRPSOH[ JHRORJLFDO KLVWRU\ ZLWK PDQ\ ORDGLQJ  XQORDGLQJ HSLVRGHV DPRQJ
ZKLFKWKHPRVWVLJQLILFDQWZDVWKH3OHLVWRFHQHJODFLDOORDGLQJDQGXQORDGLQJ
$VHULHVRIFOD\FRQVLVWRI WKUHH OHYHOV IURP WKHROGHVWJUD\FOD\ OHYHOJUHHQFOD\ OHYHODQG OHYHORI UHG RU
ILHU\ FOD\7KH VHULHV LV0LRFHQH3OLRFHQH DJH2Q)LJXUHRXWOLQHV WKH H[WHQWRI WKHRFFXUUHQFHRI WKH3R]QDQ
&OD\IURPUHGFOD\OHYHORQ3ROLVKWHUULWRU\&]DSRZVNLDQG.DVLQVNL

)LJ7KH3R]QDQ&OD\LQ3RODQGILOOHGDUHD±SUHVHQFHRI3R]QDQ&OD\KDWFKHGDUHD±VHGLPHQWDU\EDVLQLQ0LR3OLRFHQHDJH

7KH VHGLPHQWDWLRQ RI UHG FOD\ OHYHO HQGHG DSSUR[  POQ \HDUV %3 '\MRU DQG 6DGRZVND  7KH
VHGLPHQWDWLRQZDV IROORZHGE\DSHULRGRI LQWHQVHHURVLRQDQGZHDWKHULQJDFFRPSDQLHGE\QXPHURXVFKDQJHV LQ
JURXQGZDWHUOHYHOVWKDWUHVXOWHGLQDOWHUQDWLQJGU\LQJDQGZHWWLQJRIWKHVRLOPDVVLI,Q3OHLVWRFHQHJODFLHUVURVHXS
WR WKH&OD\VHGLPHQWVDQGRYHUORDGHG WKHP7KHSDVWJODFLHU¶VRYHUORDG LVFRQVLGHUHGDV WKHPDLQFDXVHRIRYHU
FRQVROLGDWLRQRI3R]QDQ&OD\.RWRZVNLDQG.UDLĔVNL
$JODFLDOSHULRGIDOOVRQDPLOOLRQ\HDUV%3,WLVDVVXPHGWKDWWKHPD[LPXPORDGWUDQVPLWWHGE\WKH
LFHVKHHWVFRXOGEH LQ WKH6:3ROLVKDUHDXS WR03D.RWRZVNLDQG.UDLĔVNL7KHUH LVQRSRVVLELOLW\ WR
GHWHUPLQHWKHVWDWHRIHIIHFWLYHVWUHVVWKDWWKHLFHVKHHWVFDXVHG'XHWRWKHVLJQLILFDQWWKLFNQHVVRI3R]QDQ&OD\DQG
JUHDWDPRXQWRIFOD\IUDFWLRQXVXDOO\DERYHLWFDQEHDVVXPHGWKDWWKHHIIHFWLYHYHUWLFDOVWUHVVHVIURPJODFLHUV
ZHUHOHVVWKDQ03D6WUyĪ\N
7KHSDSHUSUHVHQWVWKHUHVXOWVRI3R]QDQFOD\UHVHDUFKIURPRIWKHURRISDUWWKHOHYHORIUHGFOD\LWIRUPHG
PLOOLRQ\HDUV%3&]DSRZVNLDQG.DVLĔVNLIURPWKH6:3RODQGDUHD
2.2. Methods 
7KHVWXG\ZDVFRQGXFWHGRQVDPSOHVRIVRLOFXWRXWLQIRUPRIEORFNIURPH[FDYDWLRQVLQ3R]QDQ&OD\DQGVRLO
VDPSOHV WDNHQ IURPJUHDWHU GHSWKV IURPGULOOLQJ7KH VDPSOHVZHUH WDNHQ IURPD GHSWKRIPEHORZ WKH
JURXQGOHYHO
7KHDQDO\VHGVRLOVZDVPDLQO\FOD\V&ODQGFOD\VZLWKVLOW VD&OZLWK WKHQDWXUDOZDWHUFRQWHQWVw UDQJHIURP
EXONGHQVLW\ȡJFPDQGWKHVSHFLILFJUDYLW\ȡsJFPLWVRFFXUULQJLQWKHVWLII
DQGKDUGSODVWLFFRQVLVWHQF\
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7KHSKRWRRIW\SLFDOPLFURVWUXFWXUHRI3R]QDQ&OD\IURP6(0LVVKRZQLQ)LJXUH7KHRYHUFRQVROLGDWLRQVWDWH
RI VWUHVV DQDO\VHG FOD\V ZDV GHWHUPLQHG E\ HVWLPDWLRQ RI WKH \LHOG VWUHVV ı’y IURP RHGRPHWULF WHVW DQG WKHQ E\
FDOFXODWLQJ WKH \LHOG VWUHVV UDWLR YSR  7KH ODERUDWRU\ VWXG\ ZDV FRQGXFWHG LQ KHDY\ RHGRPHWHUV ZLWK ,/
LQFUHPHQWDOORDGLQJSURFHGXUHDQGXVLQJHOHFWURQLFV\VWHPRIVWRULQJDQGSURFHVVLQJWHVWVUHVXOWV7KH\LHOGVWUHVV
ı’y YDOXHVZHUHHVWLPDWHGXVLQJWKH&DVDJUDQGHFRQVWUXFWLRQHJ/DPEHDQG:KLWPDQ
7KH REWDLQHG UHVXOWV ZHUH FRPSDUHG ZLWK WKH IUHTXHQWO\ UHSRUWHG LQ WKH OLWHUDWXUH RWKHU (XURSHDQ FOD\V
FKDUDFWHULVWLFV7DE

)LJ3R]QDQ&OD\±PLFURVWUXFWXUH6(0SKRWRJUDSK\
5HVXOWVDQGGLVFXVVLRQV
6WXGLHV KDYH VKRZQ WKDW 3R]QDQ FOD\V IURP 3ROLVK 6: DUHD DUH DOZD\V LQ RYHUFRQVROLGDWLRQ VWDWH DQG WKH
FDOFXODWHG\LHOG VWUHVVYDOXHı'y YDU\ LQ WKH UDQJHRIN3D7KH ORZHVWYDOXHVN3DZHUHREVHUYHG LQ
VDPSOHVFROOHFWHGIURPDGHSWKRIPDQGPWKHKLJKHVWYDOXHN3DZDVLQDVDPSOHWDNHQIURPWKH
PEHORZWKHJURXQGOHYHO$QDO\VLQJWKH\LHOGVWUHVVYDOXHVı'yLWVKRXOGEHQRWHGWKDWLQJHQHUDOWKH\JURZZLWKWKH
GHSWKRIVRLO)LJ

)LJ7KH<LHOGVWUHVVV’yYDOXHZLWKGHSWK]]GHSWKIURPJURXQGOHYHOGDVKHGOLQH±UHJUHVVLRQOLQH
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
)LJ7KH<LHOG6WUHVV5DWLR<65YDOXHVZLWKGHSWK]]GHSWKIURPJURXQGOHYHO

)LJ7KHGLIIHUHQFHEHWZHHQ\LHOGVWUHVVDQGHIIHFWLYHLQVLWXRYHUEXUGHQVWUHVVV’y - V’vo ZLWKGHSWK]
]GHSWKIURPJURXQGOHYHOGDVKHGOLQH±UHJUHVVLRQOLQH

7KH\LHOGVWUHVVUDWLRYSRGHILQHGE\WKHIRUPXODYDULHVLQWKHUDQJHRI)LJ7KHORZHVWYDOXH
ZDVGHWHUPLQHGIRUWKHVDPSOHWDNHQIURPDGHSWKRIPEHORZJURXQGOHYHOYSR WKHKLJKHVWZDVIRUD
VDPSOHWDNHQIURPDGHSWKRIP YSR  7KH YSRYDOXHLQGLFDWHVWKDWDOOH[DPLQHGVRLOVKRXOGEHFODVVLILHG
DVRYHUFRQVROLGDWHGVRLO
,Q)LJXUHWKHYSRUDWLRVKRZHGDKLJKYRODWLOLW\DQGXQOLNHWKH\LHOGVWUHVVı'y)LJWKHUHLVQRUHODWLRQVKLS
ZLWKWKHGHSWKRIGHSRVLWLRQ7KHUHODWLRQVKLSRIWKHGLIIHUHQFHEHWZHHQ\LHOGVWUHVVDQGHIIHFWLYHYHUWLFDORYHUEXUGHQ
VWUHVVin situ: ı'y ı'voZLWKWKHGHSWKRIGHSRVLWLRQz DUHSUHVHQWHGRQ)LJXUH,WFDQEHVHHQWKDWWKHYDOXHRIı'y 
ı'vo FRUUHVSRQGLQJ WR WKHGHSWKz7KHDQDO\VLVRI WKHYDULDELOLW\RIRYHUFRQVROLGDWLRQSDUDPHWHUV YSRV’y, V’y -
 V’voZLWKGHSWKzFDQWKHRUHWLFDOO\UHTXHVWQDWXUHRIRYHUFRQVROLGDWLRQ-DPLRONRZVNLHWDO6WUyĪ\N
,Q WKH SUHVHQW FDVH WKH YDOXH RI V’y - V’vo LQFUHDVH ZLWK GHSWK z )LJ 6XFK D GLVWULEXWLRQ RI YDOXHV
-DPLRONRZVNL HW DO PD\ VXJJHVW WKDW WKHPDLQSURFHVV WKDW FDXVHG WKHSUHFRQVROLGDWLRQ VWDWHRI VWUHVVRI
H[DPLQHGFOD\VZDVWKHSURFHVVRIVHFRQGDU\FRPSUHVVLELOLW\6WUyĪ\N
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        7DEOH3R]QDQ&OD\DQGRWKHU(XURSHDQFOD\
6RLOW\SH 'HSWK>PEWO@
2&5
>@
<65
>@ $JH
3DSSDGDLFOD\
&RWHFFKLD    /RZHU3OHLVWRFHQH
(PPHUVWDGFOD\
%XUODQG  a ± 
7RGLFOD\
%XUODQGLLQ    
3R]QDQ&OD\    0LRFHQH3OLRFHQH
/RQGRQ&OD\
*DVSDUH    (DUO\(RFHQH

7KHSUHFRQVROLGDWLRQSUHVVXUHı'pDQGRYHUFRQVROLGDWLRQUDWLROCRDSSRLQWHGRQWKHEDVLVRIUHFRJQLWLRQRIWKH
JHRORJLFDOKLVWRU\RIWKH3R]QDQ&OD\DUHVKRZQLQ7DEOH,WFDQEHVHHQWKDWWKHHVWLPDWHGYDOXHVRIYSRDUHPXFK
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